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ABSTRACT 

This study investigate the modified implant body design by varying thread pitch, helix angle to study the influence of the 
parameters on stability and stress distribution at the implant/bone interface, and also identify the optimum implant 
structure, suitable for reliable rehabilitation and quicker osseointegration under biomechanical loading conditions. The 
study was classified into three groups: Group 1 (standard pitch), Group 2 (helix angle) and Group 3 (biocompatible 
material: titanium). A three dimensional finite element model of three variants were designed with the standard pitch 
group 2.2 mm and single thread , double thread and triple thread , respectively. The results obtained under normal load 
applied for titanium showed maximum Von Mises stresses at interface of dental implant structure and cortical bone. The 
results show that the thread pitch and helix angle plays a substantial role in enhancing the implant stability and 
reducing the bone stress. Moreover , from the biomechanical analysis for the screwed implant structure with thread pitch 
of 2.2 mm with double thread, proves to be optimal. 
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1. INTRODUCTION 

Dental implants have been widely accepted by dental specialists and patients in rehabilitation of tooth, because of 
its reliable and aesthetic results. The clinical applications of dental implant system is proved to be successful in long 
term with a survival rate of over 90% [1]. The quality of the jaw bones, design of the implant, implant surface 
texture, surgical treatment procedures etc. directly relate to the osseointegration and success of the dental implant 
[2, 3]. The implant diameter, length of the implant, geometric patterns and material of implant are the key 
parameters that play an important role in implant design process, as they significantly influence the stability and 
micro movement of the dental implant system [4, 5]. The geometric patterns of the thread of implant that includes 
thread pitch, helix angle, thread depth are varied to alter the functional thread surface, which affects the stress 
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distribution at the bone-implant interface [6, 7]. Horiuchi et al. [8] proposed that implants ought to be of minimum 10 mm 
long to guarantee a high success rate. 

The design of dental implant focuses to avoid stress concentrations in the supporting bone structure. It is observed 
that higher stress concentrations lead to bone loss and mechanical complications like fracture of abutment and restorative 
material [9]. Djebbar et al. [10] studied the effect of direction of application of force on dental implant and analyzed the 
stress distribution in implant and abutment. The results showed that the forces that are not normal to the tooth contribute to 
higher stress concentration. Hisam et al. [11] investigated pre molar tooth implant for stress distribution. The results 
indicated that higher degree of osseointegration led to higher stress concentration but lower strain. Pietro et al. [12] 
reported that screw geometry plays important role in stability of the implant. They also concluded that instability and 
improper installation of the implant were the major concerns that led to implant failure. Mohlhenrich et al. [13] 
investigated the relationship between implant geometry, bone density with its stability. The results indicated that diameter 
of implant has greater influence on stability in comparison to length of the implant. Sadollah et al. [14] used different 
grades of material dividing the implant into 10 parts and evaluated the mechanical properties, and from the results 
obtained, optimum gradient material suitable for dental implant was found. Vathsala et. al [15] evaluated and compared the 
stress distribution for various bio compatible material and suggested titanium as the best suitable material for dental 
implant. 

Titanium (Ti), is widely used bio compatible material for various medical clinical purposes due to its favourable 
mechanical properties and better osseointegration. [16,17]. Considering the fact that there is need for improved implant 
design for a commercial dental implant, the current investigation focuses on in vitro study using three dimensional CAD 
modelling software and finite element analysis tool, to derive at an optimum implant design. The complexity of clinical 
situations of implant biomechanics can be easily mimicked using finite element method. The study involves finite element 
analysis of modified implant body design of selected standard thread pitch and varying helix angle, to study the effect of 
parameters on stability and stress distribution at the implant/bone interface. The implant made of titanium is investigated 
for its best suitability, considering the von mises stress criterion at implant and cortical bone interface. In this way, a limited 
component strategy was utilized to explore the impacts of thread shape and helix angle on the stress and strain 
dissemination of the peripheral bone, from biomechanics perspective. 

2. MATERIALS AND METHODS 

2.1 Model Design and FE Model Generation 

Three-dimensional finite element models as per the grouping shown in Table 1, were built with Catia software and Ansys 
software to analyse the stress, strain and deformations in the implant structure. Each set of model contained crown, abutment, 
abutment screw and implant of 2.2 mm thread pitch with varied angle group of single, double and triple thread with constant 
moment of 0.2 Nm for different axial load (100-N, 150-N, 200-N and 250-N) applied to occlusal table of the crown. 


Table 1: Finite Element Analysis Groups 


Group Number 

Group Name 

Description 

Component 

1 

Pitch Group 

Standard Pitch 

2.2 mm 

2 

Angle Group 

Helix angles 

Single threaded 2.2 mm pitch 

Double threaded 2.2 mm pitch 

Triple threaded 2.2 mm pitch 

3 

Material Group 

Bio Compatible Material 

Titanium 
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Triple Threaded 
2,2mm pitch 


Double Threaded 
2.2mm pitch 


Single threaded 
2.2mm pitch 


Figure 1: Configurations of Implants with Abutment. 



Figure 2: CAD and Meshed Model Showing Components of Dental Implant. 


The Figure 1 shows the configurations of the implants with abutment considered in the study for analysis. The dental 
implant system was CAD modelled, with bone of dimensions representing the part of mandible of second premolar, as 
shown in Figure 2, and is meshed using finite element software. The d4.1 mmxl2 mm implant model with the cortical 
bone thickness of 2mm was considered in the study [15]. 

2.2. Material Properties 

The mechanical properties of the considered materials for the analysis were assumed to be homogeneous, isotropic, and 
linearly elastic are listed in Table 2. Frictional contact elements were used to represent the interface conditions between 
bones and implant surface. 

2.3 Loads and Constraints 

The model was constrained for all degrees of freedom, i.e. all directions at the bone surfaces. A constant moment of 0.2 
Nm in anti-clockwise direction for different total vertical force of 100-N, 150-N, 200-N and 250-N was applied to occlusal 
surface of the crown. 


Table 2: Mechanical Properties of Components of Dental Implant Structure 


Component 

Young’s Modulus (Gpa) 

Poisson Ratio 

Source 

Cancellous Bone 

1.37 

0.23 

[16,17] 

Cortical Bone 

13.7 

0.3 

[17] 

Crown (Porcelain) 

68 

0.35 

[17] 

Titanium 

102 

0.35 

[17] 
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Figure 3: Boundary Conditions Applied on Dental Implant Structure. 




Table 3: Mesh Convergence Test 


Mesh Type 

Nodes 

Von Mises Stress in MPa 

Total Deformation in mm 

Maximum 

Minimum 

Maximum 

Minimum 

Coarse 

145878 

10.789 

0.0376 

0.00069 

7.741e-5 

Medium 

224568 

10.425 

0.0376 

0.00069 

7.738e-5 

Fine 

332934 

10.412 

0.0376 

0.00069 

7.738e-5 


2.4 FE Model Verification and Validation 

The meshing of the designed model with tetrahedral elements, with each node having three degrees of freedom of 
the prosthetic system with coarse, medium and fine mesh with variable number of elements was performed. 
Further, the mesh element size was varied at the implant region, wherein there exists an interface of the implant 
with cortical bone. The convergence results were examined using the results of von mises stresses in cortical bone 
under a vertical loading condition to arrive at an optimal mesh size, with a tolerance of 1% considered. The Table 
3 shows the mesh convergence test performed on dental implant structure and the variation in von mises stresses 
and number of nodes for coarse, medium and fine mesh, respectively. The numbers of elements and nodes were 
well refined in the models. The refined mesh of the crown restoration, abutment, screw, implant, and cancellous 
bone were all set to an element size of 0.5 mm, whereas the cortical bone was medium mesh size, and further 
analysis was performed. 

3. RESULTS 

The results obtained from the FE analysis for Von Mises stress distribution, total deformation and Von Mises stress for a 
titanium implant with 2.2 mm standard thread pitch and single, double and triple thread varied helix angle is shown in 
Table 4, Table 5 and Table 6, respectively. 


Table 4: Distribution of Von Mises Stress, Total Deformation and Von Mises 
Strain in Restored Tooth (2.2 Mm Single Thread) 


Groups 

Particulars 

Load (N) 

100 N 

150 N 

200 N 

250 N 

Titanium (Ti) 

Von Mises Stress (MPa) 

16.65 

24.97 

33.30 

41.62 

Total deformation (mm) 

0.0007 

0.0010 

0.0013 

0.0017 

Von Mises Strain 

0.000154 

0.000231 

0.000308 

0.000385 
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0.00038505 Max 

0.00034237 

0.00029968 

0.000257 

0.00021431 

0.00017163 

0.00012895 

8.6264e-5 

4.3581e-5 

8.9724e-7 Min 


B: Static Structural 


Equivalent Elastic Strain 
Type: Equivalent Elastic Strain 
Unit: mm/mm 
Time: 1 

18-Jun-191:18 PM 


B: Static Structural 

Total Deformation 
Type: Total Deformation 
Unit: mm 
Time: 1 

18-Jun-191:19 PM 




0.0017258 Max 

0.001534 

0.0013423 

0.0011505 

0.00095878 

0.00076702 

0.00057527 

0.00038351 

0.00019176 


OMin 




■ 41.628 Max 

37.013 
- 32.399 
- 27.785 
^ 23.17 
- 18,556 
- 13.942 
- 9.3275 

U 4.7132 

0.098888 Min 


B: Static Structural 

Equivalent Stress 

Type: Equivalent (von-Mises) Stress 
Unit: MPa 


Time: 1 

18-Jun-191:20 PM 


Figure 4: Von Mises Stress, Total Deformation and Von Mises Strain in 
Restored Tooth (2.2 mm Single Thread) - Titanium Implant. 


Table 5: Distribution of Von Mises Stress, Total Deformation and 


Von Mises Strain in Restored Tooth (2.2 mm Double Thread) 


Groups 

Particulars 

Load (N) 

100 N 

150 N 

200 N 

250 N 

Titanium (Ti) 

Von Mises Stress (MPa) 

10.42 

15.64 

20.85 

26.06 

Total deformation (mm) 

0.0006 

0.0009 

0.0011 

0.0016 

Von Mises Strain 

0.000213 

0.000320 

0.000427 

0.000534 



■ 26.068 Max 

23.181 
- 20.294 
- 17.407 
- 14.519 
- 11.632 
- 8.7455 
- 5,8584 
- 2.9714 
B 0.084395 Min 


B: Static Structural 


Equivalent Stress 

Type: Equivalent (von-Mises) Stress 
Unit: MPa 
Time: 1 

19-Jun-1912:46 PM 



B: Static Structural 

Equivalent Elastic Strain 
Type: Equivalent Elastic Strain 
Unit: mm/mm 
Time: 1 

19-Jun-1912:45 PM 


■ 0.00053468 Max 

0,00047536 
- 0.00041604 
- 0.00035672 
- 0.0002974 
- 0.00023807 
- 0.00017875 
- 0.00011943 
- 6.0109e-5 
H 7.8775e-7 Min 


B: Static Structural 

Total Deformation 
Type: Total Deformation 
Unit mm 
Time: 1 

19-Jun-1912:46 PM 

n 0.0017199 Max 

0.0015288 
-i 0.0013377 
- 0.0011466 
- 0.0009555 
- 0.0007644 
- 0.0005733 
- 0.0003822 
. 0.0001911 

B OMin 



Figure 5: Von Mises Stress, Total Deformation and Von Mises Strain in 
Restored Tooth (2.2 mm Double Thread)-Titanium Implant. 


Table 6: Distribution of Von Mises Stress, Total Deformation and 


Von Mises Strain in Restored Tooth (2.2 Mm Triple Thread) 


Groups 

Particulars 

Load (N) 

100 N 

150 N 

200 N 

250 N 

Titanium (Ti) 

Von Mises Stress (MPa) 

16.73 

25.10 

33.47 

41.84 

Total deformation (mm) 

0.0006 

0.0010 

0.0013 

0.0017 

Von Mises Strain 

0.000172 

0.000258 

0.000344 

0.000431 
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B: Static Structural 





B: Static Structural 

Total Deformation 
Type: Total Deformation 
Unit: mm 
Time: 1 

19-Jun-19 7:35 PM 

_ 0.0017116 Max 

• 0.0015215 

- 0.0013313 

- 0.0011411 

- 0.00095091 

- 0.00076073 

- 0.00057055 

- 0.00038037 

- 0.00019018 
I OMin 


B: Static Structural 

Equivalent Elastic Strain 
Type: Equivalent Elastic Strain 
Unit: mm/mm 
Time: 1 

19-Jun-19 7:36 PM 


■ 0.00043115 Max 

0.00038335 
- 0.00033555 
- 0.00028775 
— 0.00023995 
- 0,00019215 
— 0.00014435 
- 9.6549e-5 

■ 4.875e-5 

9.5005e-7 Min 


Figure 6: Von Mises Stress, Total Deformation and Von Mises Strain in 
Restored Tooth (2.2 Mm Triple Thread)-Titanium Implant. 


Table 7: Distribution of Von Mises Stress in Cortical Bone Implant Interface 


Groups 


Particulars 

Load (N) 


100 N 

150 N 

200 N 

250 N 


2.2 mm Single Thread 

Von Mises Stress 
(MPa) 

4.3 

6.42 

8.52 

10.761 

Titanium 

2.2 mm Double Thread 

4.24 

6.35 

8.17 

9.26 


2.2 mm Triple Thread 

5.34 

6.95 

9.33 

11.64 


The variation Von Mises stress, total deformation and Von Mises strain in restored tooth under applied boundary 
conditions in the dental implant system in different regions of interest is shown in the Figure 4, Figure 5 and Figure 6 for a 
titanium implant with 2.2 mm standard thread pitch and single, double and triple thread varied helix angle, respectively. 
The critical region of analysis for succesful restoration and faster rehabilitation is at the cortical bone and implant interface. 
Table 7 shows the distribution of Von Mises stress at the interface of cortical bone and implant 

4. DISCUSSIONS 


The stress distribution in the bone and the implant is significantly influenced by the implant material and implant design. In 
the present study, 3D finite element analysis (FEA) tool was used to evaluate the stress, strain and deformation in the implant 
made of titanium. The assumptions made in the study effect the accuracy of the results obtained. The bone is frequently 
modelled as isotropic material, whereas it is anisotropic [18]. Several researchers use FEA tool for mechanical analysis of the 
implants to model and simulate the clinical conditions [19]. The quality of mesh and element size influences the accuracy of 
the results obtained. In the earlier studies, it is observed that FEA software’s like ABAQUS, ANSYS is predominantly used to 
mesh the model imported from CAD software [20]. However, for the complicated models, it is preferable to mesh using pre¬ 
processing meshing tool like Hypermesh and later imported in FEA software for analysis. 

Sykaras et al. [21] investigated that, with the increase in the helix angle in single, double and triple threaded 
implants, it requires higher torque to maintain for better placement of implant and maintain tighter contact with the bone. 
However, it is observed that bone loses the pre-tension over the time due to its viscoelastic property, and hence higher 
torque is required to be maintained [22]. The results obtained suggest that helix angle plays a crucial role in implant 
stability. The stress distribution of implants with standard pitch of 2.2 mm with single, double and triple thread patterns 
(helix angles) compared. Under vertical load, the 2.2 mm pitch double threaded implant showed lower values of von mises 
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stress for the implant framework. In addition, a lower value of stress distribution at implant and cortical bone interface was 
observed. The comprehensive relative displacements was minimum for 2.2 mm pitch double threaded implant [23]. The 
results obtained are in agreement with the previous studies. 

5. CONCLUSIONS 

The finite element analysis helps to investigate the biomechanical response of dental implant system. The geometrical 
three-dimensional modelling of implant system is a challenge. In this research, a precise 3D geometrical implant system 
model is generated for varying helix angles. The implant with 2.2 mm double thread showed a minimum value of von 
mises stress and deformation under varied vertical loading conditions. The results obtained demonstrate that variation of 
helix angle affects the stability of loaded implant. The implant with lower stress values and deformation proves to have 
greater life and is successful. 
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